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 $VDSUHGLFWLRQH[SUHVVLRQDERXWD WKUHVKROG VWUHVV LQWHQVLW\ IDFWRU UDQJH'.WK ZLWKD VPDOO FUDFN
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LWLVHIIHFWLYHEHFDXVHLWFDQDSSO\WRYDULRXVPHWDOV(TVKRZV0XUDNDPL¶VSUHGLFWLRQH[SUHVVLRQ
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
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
0D\HU HW DO >@ DQG ;X HW DO>@ ZKR HYDOXDWHG WKH IDWLJXH OLPLWV DERXW FDVWLQJ PDJQHVLXP DOOR\V
ZKLFKFRQWDLQFDVWGHIHFWVE\(T UHSRUWHG WKDW(T FDQQRWEHDSSOLHG WR WKHFDVWLQJPDJQHVLXP
DOOR\VEHFDXVHWKHDFWXDOPHDVXUHGYDOXHVE\WKHPZHUHDERXWDKDOIRIWKHSUHGLFWHGYDOXHVE\(T
+RZHYHUWKH\KDYHQRWFODULILHGWKHUHDVRQ
(TLVGHULYHGDVDVHPLHPSLULFDOHTXDWLRQEDVHGRQPDQ\H[SHULPHQWDOGDWDDERXWPDLQO\VWHHOV,Q
RUGHUWRFRQVLGHUWKHUHDVRQZK\(TLVQRWDSSOLHGWRPDJQHVLXPDOOR\VWKHDXWKRUVIRFXVRQWKHIDFW
WKDW WKHUH LV D ODUJH GLIIHUHQFH LQ DQ HIIHFWLYH WKUHVKROG VWUHVV LQWHQVLW\ IDFWRU UDQJH '.HIIWK EHWZHHQ
PDJQHVLXPDOOR\VDQGVWHHO
 )LUVWRIDOOWKHDXWKRUVPHDVXUHWKH'.RIDFUDFNSURSDJDWLRQORZHUOLPLWIURPDQDQQHDOHGSUHFUDFN
DV WKH'.WK E\ FDUU\LQJ RXW URWDWLQJ EHQGLQJ WHVWV LQ WKUHH PDJQHVLXP DOOR\V ZKLFK KDYH D GLIIHUHQW
9LFNHUV+DUGQHVV+9DQGORZFDUERQVWHHO-,66&6HFRQGO\LQRUGHUWRPDNHDURXJKHVWLPDWLRQ
DERXW WKH'.HIIWK WKHDXWKRUVPHDVXUHWKH'.RIDFUDFNLQLWLDWLRQORZHUOLPLWIURPDQDQQHDOHGIDWLJXH
SUHFUDFNLQWZRPDJQHVLXPDOOR\VDQGWKHORZFDUERQVWHHO$FFRUGLQJWRWKHDQDO\VLVXVLQJWKH'XJGDOH
PRGHO DQ LGHDO FUDFN ZKRVH UHVLGXDO VWUHVV LV UHOHDVHG LV RSHQ LQ IXOO UDQJH RI WKH ORDG XQOHVV LW
SURSDJDWHV7KHUHIRUHWKH'.RIDFUDFNSURSDJDWLRQORZHUOLPLWIURPDQLGHDOVPDOOFUDFNLVFRQVLGHUHG
WREH WKH'.HIIWK%DVHGRQ WKHH[SHULPHQWDO UHVXOWV WKHDXWKRUVFRQVLGHU WKH UHDVRQZK\(T  LVQRW
DSSOLFDEOHWRPDJQHVLXPDOOR\VDQGSURSRVHDSUHGLFWLRQH[SUHVVLRQRIDWKUHVKROGVWUHVVLQWHQVLW\IDFWRU
UDQJH'.WKDERXWPDJQHVLXPDOOR\VZLWKVPDOOFUDFN,QDGGLWLRQWKHDXWKRUVH[DPLQHWKHYDOLGLW\RIWKH
QHZSUHGLFWLRQH[SUHVVLRQE\VHWWLQJSUHGLFWHGYDOXHVDJDLQVWPHDVXUHGYDOXHV

6SHFLPHQVDQGWHVWPHWKRG
 7KH WHVWHG PDWHULDOV DUH QRQFRPEXVWLYH PDJQHVLXP H[WUXVLRQ DOOR\V $0;; &D DQG
$=;; &DQHZO\GHYHORSHG0J1L<ZKLFKKDV/362VWUXFWXUH>@>@DQGDQQHDOHG
ORZ FDUERQ VWHHO 6&  7DEOH  VKRZV PHFKDQLFDO SURSHUWLHV ,Q QRQFRPEXVWLYH PDJQHVLXP DOOR\V
DERXWRI&DLVDGGHGWRLPSURYHKHDWUHVLVWDQFH,QFOXVLRQVVXFKDV&D2DUHFRQWDLQHGLQWKHVWUXFWXUH
KRZHYHU WKHPHFKDQLFDO SURSHUWLHV DQG WKH IDWLJXH OLPLW DUH VLPLODU WR JHQHUDOPDJQHVLXP DOOR\V 7KH
9LFNHUVKDUGQHVV+9RI0J1L<LVQHDUO\HTXDOWRWKHORZFDUERQVWHHO-,66&)LJXUH
VKRZV WKHVSHFLPHQJHRPHWU\$IWHUPDFKLQLQJ WKHVSHFLPHQVXUIDFHZDVSROLVKHGE\EXIILQJDQGD
VPDOOKROHZLWKDGLDPHWHURIPPZDVGULOOHG LQ WKHFHQWUDOSDUWRI WKHVSHFLPHQ$IWHU WKDW WKHSUH
FUDFN ZDV LQWURGXFHG WR SUHGHILQH WKH FUDFN OHQJWK E\ URWDWLQJ EHQGLQJ IDWLJXH WHVWLQJ PDFKLQH 7KH
VXUIDFH OHQJWK RI WKH SUHFUDFN ZDV PHDVXUHG E\ WKH UHSOLFD PHWKRG 7KH GHSWK RI WKH SUHFUDFN ZDV
PHDVXUHG E\ IUDFWXUH VXUIDFH REVHUYDWLRQ ,Q DGGLWLRQ LQ RUGHU WR UHOHDVH WKH UHVLGXDO VWUHVV LQ WKH
VSHFLPHQ WKH VSHFLPHQ LQ ZKLFK SUHFUDFN ZDV LQWURGXFHG ZDV DQQHDOHG LQ YDFXXP 7KH DQQHDOLQJ
FRQGLWLRQ LV  PLQXWHV DW & IRU $0; DQG $=;  PLQXWHV DW & IRU 0J1L
<DQGPLQXWHVDW&IRUORZFDUERQVWHHO6&
 )RU WKH IDWLJXH WHVW WKH2QRW\SH URWDWLQJEHQGLQJ IDWLJXH WHVWLQJPDFKLQHZDVXVHG7KH WHVWVZHUH
FDUULHGRXWLQURRPWHPSHUDWXUHDQGWKHWHVWLQJIUHTXHQF\ZDV+]
 ,QWKH61FXUYHRIPDJQHVLXPDOOR\VDNQHHSRLQWDSSHDUVZLWKLQ1 F\FOHV>@LQWKLVH[SHULPHQW
WKH'.WK LV GHILQHG DV D VWUHVV LQWHQVLW\ IDFWRU UDQJH LQ WKH WKUHVKROG YDOXH EHWZHHQ IUDFWXUH DQG QRQ
 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GHILQHGE\WKHIROORZLQJIRUPXOD
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:KHUHVD LV WKH VWUHVV DPSOLWXGH LQ WKH WHVW0HDQZKLOH LQ RUGHU WR XVH WKH VSHFLPHQV HIIHFWLYHO\ D
VSHFLPHQZKLFKZDVQRW IUDFWXUHGDIWHU WKH WHVWZDVXVHG UHSHDWHGO\DIWHU DQQHDOLQJ%\DQQHDOLQJ WKH
UHVLGXDOVWUHVVZDVFRPSOHWHO\UHOHDVHG
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([SHULPHQWDOUHVXOWV
 )LJXUHVKRZVDUHODWLRQVKLSEHWZHHQ WKH'.DQGWKHFUDFNVL]H IRUHDFKPDWHULDO,Q)LJWKH'.WK
ZKLFKZDVPHDVXUHGDVWKHWKUHVKROGYDOXHEHWZHHQWKHIUDFWXUHDQGQRQIUDFWXUHLVH[SUHVVHGE\DVROLG
OLQH RU CGDVKHG OLQH 7KH FUDFN VL]H LQ )LJ  UHSUHVHQWV WKH VL]H RI WKH SUHFUDFN 7KH '.WK RI WKH
PDJQHVLXPDOOR\VZLWKDVPDOOFUDFNZDVORZFRPSDUHGWRWKDWRIWKHORZFDUERQVWHHO6&7KH0J
1L<KDVWKHVDPH9LFNHUVKDUGQHVV+9DVORZFDUERQVWHHO6&KRZHYHUWKH'.WKRI0J
1L<ZDVRQO\ DERXW KDOI RI WKH ORZFDUERQ VWHHO6&7KH FUDFN VL]HGHSHQGHQF\RQ WKH
'.WK LVVHSDUDWHGLQWRWZRSDUWVLQPDJQHVLXPDOOR\V)RU$0;DQG$=;WKH'.WKGHFUHDVHVDV
WKH FUDFN VL]H GHFUHDVHV 0HDQZKLOH WKH'.WK LV QHDUO\ FRQVWDQW LQ WKH UDQJH ZKHUH WKH FUDFN VL]H LV
PPWRPPLQ0J1L<$GGLWLRQDOO\ IRU$0;DQG$=; WKH'.WK LVQHDUO\
SURSRUWLRQDOWRWKHSRZHURIWKHFUDFNVL]H7KLVLQFOLQDWLRQLVNQRZQDVWKHFKDUDFWHULVWLFVDZLQWKH
VPDOOFUDFNRIYDULRXVPHWDOPDWHULDOVVXFKDVVWHHODQGDOXPLQXPDOOR\V0HDQZKLOHWKH'.WKLVQHDUO\
FRQVWDQWLQWKHUDQJHZKHUHWKHFUDFNVL]HLVPPWRPPLQ0J1L<
)LJXUHVKRZVWKHH[SHULPHQWDOUHVXOWVRIWKH'.S$FUDFNLQLWLDWLRQORZHUOLPLW'.IURPDSUHFUDFN
ZDVWHVWHGDVWKH'.S7KHDUURZVLQ)LJVKRZWKHYDOXHRIWKH'.S7KHUHLVQRFUDFNLQLWLDWLQJEHORZ
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WKHYDOXH7KH'.SRI$0;DQG0J1L<ZDVDERXW03DP7KHUHVXOWVVKRZWKDW
WKHKDUGQHVVGRHVQRWLQIOXHQFHWKHYDOXHRIWKH'.S7KH+9RI$0;LVDERXWKDOIRIWKDWRIWKH0J
<7KH'.SRI ORZFDUERQVWHHO6&ZDVDERXW03DP ,WZDVFODULILHG WKDW WKHUH LV
ODUJHGLIIHUHQFHLQWKHYDOXHRIWKH'.SEHWZHHQWKHPDJQHVLXPDOOR\VDQGVWHHO


















&UDFNVL]HPP


)LJ5HODWLRQVKLSEHWZHHQWKH'.DQGFUDFNVL]H



















6WUHVVLQWHQVLW\IDFWRUUDQJH'.03DP

)LJ7KH'.SFRPSDULVRQEHWZHHQ0JDOOR\VDQG6&
   








٨$0;+9
ع$=;+9
ً0J1L<+9
ٟ6&+9
6ROLGPDUNXQEURNHQ
2SHQPDUNEURNHQ
6W
UH
VV
LQ
WH
QV
LW\
ID
FW
RU
UD
QJ
H
'
.
0
3D

P
6W
UH
VV
LQ
WH
QV
LW\
ID
FW
RU
UD
QJ
H
'
.
0
3D

P
DUHD
DUHD
     



&
UD
FN
J
UR
Z
WK
OH
QJ
WK

PP

'.S IRU
0JDOOR\V '.S IRU6&
䃂$0;+9
䂥0J1L<+9
䂹6&+9
&UDFNOHQJWKaPP
&
UD
FN
J
UR
Z
WK
OH
QJ
WK

PP

T.Ishina et al. / Procedia Engineering 10 (2011) 1285–1290 1289
'LVFXVVLRQDQGSURSRVDORIDSUHGLFWLRQH[SUHVVLRQ
 $OWKRXJK0J1L<KDVQHDUO\HTXDO+9WRORZFDUERQVWHHO6&WKH'.WKDWWKHVDPHSUH
FUDFNVL]HZDVDERXWKDOIRIWKDWRI6&7KLVLQGLFDWHVWKDW(TFDQQRWEHDSSOLHGWRWKH'.WKRIWKH
PDJQHVLXPDOOR\V ,QRUGHU WRFODULI\ WKH UHDVRQ WKHDXWKRUV IRFXVHGRQ WKHGLIIHUHQFH LQ WKHHIIHFWLYH
WKUHVKROGVWUHVVLQWHQVLW\IDFWRUUDQJH'.HIIWK5HIHUUHGWRLQ)LJZKLOHWKH'.WKRIWKHORZFDUERQVWHHO
6&LVDERXW03DPDWDSUHFUDFNVL]HRIPPWKDWRI$0;DW WKHVDPHSUHFUDFNVL]HLV
DERXW03DP7KHGLIIHUHQFHRIWKHWZRYDOXHVLVDERXW03DP0HDQZKLOHLQUHIHUHQFHWR)LJ
WKHGLIIHUHQFHLQWKH'.SRIWKHWZRYDOXHVLVDERXW03DP7KLVLQGLFDWHVWKDWWKH'.HIIWKVKRXOGQRWEH
QHJOLJLEOH WRHYDOXDWH WKH'.WKEHFDXVH WKHGLIIHUHQFH LQ WKH'.HIIWK EHWZHHQ WKH WZRYDOXHVDJDLQVW WKH
GLIIHUHQFH LQ WKH'.WK LV QHYHU VPDOOQHVV 7KHUHIRUH îî LQ (T ZKLFK LV FRQVLGHUG WR EH
FRUUHVSRQGLQJWRWKH'.HIIWKQHHGVWREHPRGLILHG<RXQJ¶VPRGXOXVZKLFKLVUHSRUWHGWREHSURSRUWLRQDO
WR WKH '.HIIWK >@ ZDV XVHG WR PRGLI\ 0XUDNDPL¶V SUHGLFWLRQ H[SUHVVLRQ +HUH WKH DXWKRUV SURSRVH D
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